As a part of our study on the chiral amine induced stereoselectivity in the formation of the transazetidin-2-one ring via Staudinger cycloaddition, the efficiency of the enantioisomeric naphthylethylamines as chiral auxiliaries was examined. It was found that the isomeric 1-(2-naphthyl)ethylamines induced commensurable selectivities with those obtained by the corresponding phenylethylamines, good to excellent yields with de up to 48%. In contrast, the 1-(1-naphthyl)ethylamine auxiliaries led to excellent conversion but with dramatic loss of selectivity, with a maximum of 14% de. The β-lactams obtained were screened in vitro against 10 bacteria and 3 fungi but significant antimicrobial activities were not observed.
Introduction
Compounds possessing the β-lactam skeleton are of great importance as they constitute one of the most successful classes of therapeutic agents to date. 1 The family of β-lactam antibiotics, which is among the most widely employed antimicrobial agents, includes numerous representative sub-groups, differing in their structural elements as well as in the azetidinone ring stereochemistry.
2 For instance, the penicillin and cephalosporin antibiotics possess cis-β-lactam units, whereas thienamycins and trinems have trans-β-lactam moieties. Thienamycins are
Results and Discussion
The trans-azetidinones 4-15 were obtained as previously described 13c in order to compare the stereoselectivity of the transformation caused by naphthylethylamine (1) auxiliaries with that of the corresponding phenylethylamines. The set of aromatic aldehydes (2), which led to efficient conversion and selectivity in the phenyl series, was used. Namely, compounds possessing electron donating substituents, which are expected to slow the direct closure and to accelerate the isomerization of the zwitterionic intermediate, 4-dimethylamino-, 3,4-dimethoxy-, and 2,4,6- trimethoxybenzaldehyde. The representative protocol, shown on Scheme 1, was as follows: a) intermediate imines 3 were obtained by irradiating mixtures of an amine 1 and aldehyde 2 in a microwave oven with a power of 800 W. b) Staudinger [2+2] ketene-imine cycloaddition was carried out in refluxing toluene or xylene by using 3-phenylpropionyl chloride as a ketene precursor and triethylamine as a base. Scheme 1. Synthesis of azetidinones 4-15. i) MWI, 800 W, 3-4 min. ii) PhCH2CH2COCl, Et3N, toluene, reflux, 24 h. iii) PhCH2CH2COCl, Et3N, xylene, reflux, 3 h.
The enantiomeric 1-(2-naphthyl)ethylamines, analogues of phenylethylamines, were studied as a first series. The products were obtained diastereoselectively, just as in the reaction with phenylethylamine, 13c as pairs of isomers with the desired trans-C3,C4-configuration, i.e., (3R,4S) and (3S,4R); J34-constants of 2.0-2.1 Hz were measured in the proton NMR spectra. The isomeric ratios were determined from the relative integral intensities of the CH-4, CH-Me, and CH3 proton NMR resonances, which are in areas free of other signals. The individual diastereoisomers were isolated by high performance flash chromatography (HPFC) on silica gel. As they possess very close or equal Rf-values, a mobile phase with a gradient of polarity was used and pure isomers or enriched fractions were obtained, respectively. The absolute configurations of the products were assumed to be identical with those of the corresponding N- (1-phenylethyl) derivatives, 13c as the NMR data of both groups of compounds display analogous behaviour of the azetidinone skeleton nuclei.
As seen from Table 1 , comparable results were obtained with 1-(2-naphthyl)ethylamines and 1-phenylethylamines (the latter given in parentheses). Effective ring construction was achieved with low to moderate asymmetric induction depending on the aldehyde aromatic substituents. The reaction in refluxing xylene afforded the products with similar yields and selectivities (pathway B vs pathway A) but much faster than in toluene (3 h vs 24 h). In all cases, a majority of the less polar isomer was observed. As with phenylethylamine auxiliaries, the best selectivity was achieved with 2,4,6-trimethoxybenzaldehyde (entries 9-12), while 3,4-dimethoxy (entries 5-8) and 4-dimethylamino (entries 1-4) substituted azetidinones 4-7 were obtained in similar yields and slightly lower selectivities. As a second series, the effectiveness of the enantioisomeric 1-(1-naphthyl)ethylamines, analogues of phenylethylamine with increased steric hindrance, were examined. Generally, excellent conversions were achieved, up to 96% of isolated products, but with dramatic loss of selectivity, with a miximum of 14% de (Table 2 ). In the case of 3,4-dimethoxyphenyl compounds 12 and 13 (entries 5-8), decomposition took place during chromatography , despite altering the mobile phase, and the products were not isolated. These results show that 1-(1-naphthyl)ethylamines are not appropriate chiral auxiliaries in the transformation studied.
The in vitro antimicrobial activities of azetidinones 4-15 as well as all previously obtained N- (1-phenylethyl) and N-methylpinane compounds 13c were evaluated qualitatively against 10 bacterial and 3 fungal species. The antibacterial activities were examined against the Gram (+) strains Bacillus subtilis ATCC 6633, Bacillus idosus B241, Bacillus megaterium NRRL 1353895, Bacillus mycoides DSMZ 274, Bacillus cereus ATCC 11778, Acinetobacter johnstonii ATCC 17909, Staphylococcus aureus NRRL B 313, Sarcina lutea ATCC 9341, and Micrococcus luteus ATCC 9631, and the Gram (-) strain Escherichia coli ATCC 8739. The antifungal activities were evaluated against the yeast strains Candida tropicalis ATCC20336, Saccharomyces cerevisiae ATCC 9763, and the fungal strain Penicillium chrysogenum CECT 2802. The products were screened in concentrations 50 mg/ml in DMSO and the antimicrobial activity was estimated by measuring the diameter of growth of inhibitory zones (mm) in the agar layer. Unfortunately, all compounds tested showed insignificant activities; comparable zones of inhibition of maximum 10-12 mm being measured in all cases.
Conclusions
In summary, ten pairs of N-1-naphthylethyl-β-lactams with trans-C3,C4-configuration were obtained via Staudinger cycloaddition with low to moderate diastereoselectivity induced by a chiral amine component of the imine. It was found that 1-(2-naphthyl)ethylamine possess comparable effectiveness as a chiral auxiliary as 1-phenylethylamine, while 1-(1-naphthyl)ethylamine led to dramatical loss of selectivity. The azetidinones obtained as well as the previously prepared N- (1-phenylethyl) and N-methylpinane compounds were screened against 10 bacteria and 3 fungi but significant antimicrobial activities were not observed.
Experimental Section
General. All reagents were purchased from Aldrich, Merck and Fluka and were used without any further purification. Toluene and xylene were dried over sodium wire. The microwave irradiated reactions (MWI) were performed in domestic household oven Panasonic NN-S255W. Fluka silica gel/TLC-cards 60778 with fluorescent indicator 254 nm were used for TLC chromatography and Rf-values determination. The high performance flash chromatography (HPFC) purifications were carried out on a Biotage Horizon TM system (Charlottesville, Virginia, USA) on silica gel. The melting points were determined in capillary tubes on SRS MPA100 OptiMelt (Sunnyvale, CA, USA) automated melting point system. The NMR spectra were recorded on a Bruker Avance DRX 250 (intermediate imines) and Bruker Avance II+ 600 (final azetidinones) spectrometers (Rheinstetten, Germany) in deuterochloroform; the chemical shifts were quoted in ppm in δ values against tetramethylsilane (TMS) as an internal standard and the coupling constants were calculated in Hz. The chemical shifts are given with different decimals according to the accuracy (fid resolution) of the corresponding experiments. The assignments of signals were confirmed by 2D techniques (COSY, NOESY, HSQC, HMBC). For simplicity, the aromatic groups are designated as: Naphth -naphthyl; Ph -substituent at C-3, Ar -substituent at C-4. The low resolution mass spectra were taken on a HP 5973 Mass Selective Detector, the high resolution mass spectra on a DFS High Resolution Magnetic Sector MS, Thermo Scientific.
Imines (3a-3l). Typical procedure
A mixture of a chiral amine 1 (1 mmol) and an aromatic aldehyde 2 (1 mmol) was irradiated in a domestic household microwave oven in an open vessel with a power of 800W for 3-4 min. The effectively pure crude products (NMR) were used in the next step without purification. 13 С NMR 24.8 (CH3-CH), 40.2 (CH3-N), 69.5 (CH-CH3), 111.6 (CH-3 and CH-5 Ar), 124.7 (Cquat-1 Ar), 124.8 (CH Naphth), 125.3 (CH Naphth), 125.6 (CH Naphth), 125.8 (CH Naphth), 127.6 (CH Naphth), 127.9 (2xCH Naphth), 129.7 (CH-2 and CH-6 Ar), 132.6 (Cquat Naphth), 133.6 (Cquat Naphth), 143.3 (Cquat Naphth), 152.1 (Cquat-4 Ar), 159.7 (CH=N), МS m/z 302. 13 С NMR 24.6 (CH3-CH), 55.9 (OCH3), 56.0 (OCH3), 69.5 (CH-CH3), 109.2 (CH-2 Ar), 110.5 (CH-5 Ar), 123.0 (CH-6 Ar), 124.9 (CH Naphth), 125.4 (CH Naphth), 125.5 (CH Naphth), 125.9 (CH Naphth), 127.6 (CH Naphth), 127.9 (CH Naphth), 128.0 (CH Naphth), 129.8 (Cquat-1 Ar), 132.6 (Cquat Naphth), 133.5 (Cquat Naphth), 142.7 (Cquat Naphth), 149. , 107.9 (Cquat-1 Ar), 124.9 (CH Naphth), 125.2 (CH Naphth), 125.5 (CH Naphth), 125.6 (CH Naphth), 127.5 (CH Naphth), 127.6 (CH Naphth), 127.9 (CH Naphth), 132.4 (Cquat Naphth), 133.6 (Cquat Naphth), 143.8 (Cquat Naphth), 154.8 (CH=N), 160.7 (Cquat-2 and Cquat-6 Ar), 162.4 (Cquat-4 Ar), МS m/z 349. (S)-N-(4-Dimethylaminobenzylidene)-1-(1-naphthyl)ethylamine (3g) . 4 min, 99% yield. (R)-N-(4-Dimethylaminobenzylidene)-1-(1-naphthyl)ethylamine (3h). 4 13 С NMR 25.0 (CH3-CH), 55.5 (OCH3), 56.2 (2 x OCH3), 67.9 (CH-CH3), 91.0 (CH-3 and CH-5 Ar), 121.5 (Cquat-1 Ar), 124.4 (2xCH Naphth), 125.2 (CH Naphth), 125.5 (CH Naphth), 125.8 (CH Naphth), 127.1 (CH Naphth), 128.9 (CH Naphth), 130.8 (Cquat Naphth), 134.1 (Cquat Naphth), 142.6 (Cquat Naphth), 154.9 (CH=N), 161.0 (Cquat-2 and Cquat-6 Ar), 162.6 (Cquat-4 Ar), МS m/z 349. -4-(3,4-dimethoxyphenyl)-1-((S)-1-(2-napthyl)ethyl)azetidin-2-one (6) and 3-benzyl  -4-(3,4-dimethoxyphenyl)-1-((R)-1-(2-napthyl) 3.268 (ddd, 1H, J 2.1, 5.1, 8.5, , 3.541 (s, 3H, , 3.808 (s, 3H, 4.014 (d, 1H, J 2.1, 4.472 (q, 1H, J 7.2, 14.3, 6.328 (d, 1H , J 1.9, CH-2 Ar), 6.598 (dd, 1H, J 1.9, 8.2, 6.685 (d, 1H, J 8.2, 7.194 (m, 4H, 7.249 (t, 2H, J 7.5, 7.411 (s, 1H, 7.445 (m, 2H, 7.689 (dd, 1H, J 2.9, 9.6, 7.704 (d, 1H, J 8.5, 7.788 (dd, 1H, J 2.6, 9.3, 
(S)-N-(3,4-Dimethoxybenzylidene)-1-(2-naphthyl)ethylamine (3c). 4 min, 99% yield. (R)-N-(3,4-Dimethoxybenzylidene)-1-(2-naphthyl)ethylamine (3d

(R)-N-(2,4,6-Trimethoxybenzylidene)-1-(2-naphthyl)ethylamine (3f
3-Benzyl
Pharmacology
The in vitro antibacterial and antifungal activities of the synthesized compounds against a series of species were determined qualitatively by the agar cup test according to the European Pharmacopoeia.
14 Suspensions of the test microorganisms were inoculated into sterile melted nutrient agar media and poured into Petri dishes. The bacterial strains were grown in nutrient agar (Serva, Germany) for 24 h at 37 o C while the yeast and fungal strains were incubated in yeast peptone dextrose agar (YEPD) and in potato dextrose agar (PDA), respectively for 72 h at 28 o C. Six wells per dish, each 8 mm in diameter, were prepared. Fifty microliters of each sample in dimethylsulfoxide (50 mg/ml) was added to the appropriate well. For pre-diffusion the Petri dishes were placed at 4 o C for 2 h. The antimicrobial activity was estimated by the diameter of inhibitory zones (mm) in the agar layer. Control experiments were carried out with the pure solvent.
